A competitive and a sandwich enzyme linked immunosorbent assay (ELISA) were developed for human leukocyte collagenase and gelatinase.
Introduction
Inflammatory processes are associated with the release of proteolytic enzymes from phagocytic leukocytes (1) .
In addition to the serine proteinases, cathepsin G and elastase, leukocytes have been shown to contain the metalloenzymes collagenase 1 ) and gelatinase 1 ) (2-4). All these proteases are äble to degrade connective tissüe components and thus might be involved in pathological conditions such äs rheumathoid arthritis, tumour invasion, gout, pr emphysema (5).
Although elastase is able to degrade collagen (6, 7) , collagenase and gelatinase are the specific enzymes that are mainly responsible for the coliagen breakdown mediated by leukocytes (8, 9 In order to study the release and function of these enzymes in body fluids and tissues, a highly sensitive and specific assay procedure is a prerequisite.
Collagenase and gelatinase concentrations are commonly determined by measuring their proteolytic activity against natural or synthetic Substrates (for a review see I.e. (10, 11) ). The assay of Substrate degradation is achieved by using radioactive, fluorescent (12) or chromophore labelled Substrates, äs well äs by measuring the change in physical parameters such äs viscosity or UV-absorbance (13) .
Substrate degradation was also detected by reacting the cleavage products with fluorescamine, which allows the assay of the amino groups generated during proteolytic action (14, 15) .
Another kind of assay, which is preferentially used for qualitative determinations, involves analysing the degradation products by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) (4) .
Recently a collagenase assay has been described, which uses the highly sensitive ELISA technique for the detection of collagen degradation (16) . By this assay the Substrate, but not the protease itself, is detected by ELISA. Collagen is thereby bound to the solid phase and incubated with the sample. The cleaved collagen is washed out and the residual collagen determined by an indirect ELISA using anti type I collagen antibodies.
But all these methods share the common drawback that specific determinations are difficult or impossible, because all the Substrates can be cleaved by more than one enzyme. In this paper we wish to report ELISA methods for determining collagenase and gelatinase of the human leukocyte.
Materials and Methods

Materials
Microelisa and Nunc Immuno plate II, flat bottom microtitration plates, were obtained from Dynatech (Denkendorf, FRG) and Nunc (Roskilde, Denmark), respectively. Horseradish peroxidase 1 ) (ELISA grade) was obtained from Boehringer Mannheim (Mannheim, FRG). Anti rabbit IgG, prepared in goats, conjugated to horseradish peroxidase was purchased from Nordic (Biogenzia Lemania, Bochum, FRG). The alkaline phosphatase conjugated form of this antibody and 2,2'-azinobis(3-ethylbenzthiazolinesulphonic acid) (ABTS) were from Sigma (Deisenhofen, FRG). a 2 -Macroglobulin was obtained from Behring Werke (Marburg, FRG); the inhibitor activity was proved by saturating the a 2 -macroglobulin with trypsin, inhibiting all free trypsin, and quantifying the bound trypsin by using benzoyl-arginine nitroanilide s the Substrate (19) .
The absorbance of the Solutions in the microtitration plates was measured by a Dynatech Microelisa-Autoreader MR 580.
Immobilen PVDF blotting membrane was purchased from Millipore (Eschborn, FRG). Blood samples were supplied by Dr. Kleesiek, Herzzentrum Nordrhein-Westfalen, FRG).
Preparation of leukocyte collagenase and gelatinase Standards
Latent human polymorphonuclear leukocyte collagenase and gelatinase were prepared from buffy coat s described elsewhere (2, 4, 20) . The active enzymes were prepared by activating the latent enzymes with either trypsin or mercurial compounds (4, 20) . The collagenase activity was demonstrated by specific cleavage of type I collagen into the characteristic 3 / 4 and VA fragments. The gelatinase activity was proved by degrading denatured type I collagen (gelatin).
The protein content of the collagenase and gelatinase Standard Solutions was determined by using amino acid analysis s described in more detail elsewhere (4).
Preparation of antibodies
Rabbits were immunized with 400 μg of the purified latent enzymes in complete Freunds adjuvant by subcutaneous injection. Tsvo further booster imraunizations were carried out with the same amount of antigen in incomplete Freunds adjuvant.
The IgG fraction was prepared from the antisera by precipitation with ammonium sulphate and anion exchange chromatography on DEAE-Sepharose according to I.e. (21) . The purified antibodies were analysed by using the double immunodiffusion technique (22).
Western blot analysis
Protein samples were separated by SDS-PAGE and blotted onto a PVDF membrane using the Biometra Fast Blot System. The blotting membrane was incubated with specific antisera. Bound antibody was identified by incubating with goat anti rabbit IgG-alkaline phosphatase conjugate and reacting with nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phpsphate s an alkaline phosphatase Substrate. The details of the immunoblot procedure are described elsewhere (4).
Conjugation of horseradish peroxidase to specific IgG
Specific IgG was reacted with horser dish peroxidase by a modification of the method described by Tijssen & Kurstak (23). Horseradish peroxidase (1.7 mg) was dissolved in 170 μΐ 0.1 mol/1 sodium carbonate buffer, pH 8.3, and incubated with 170 μΐ of the same buffer containing 8 mmol/1 NaIO 4 for 15 min, at 25 °C, in the dark. Then 5 mg IgG in 400 μΐ 0.1 naol/1 sodium carbonate buffer, pH 9.2, were added, followed by the addition of 0.13 g Sephadex G-25f. After an incubation time of 3 h the Sephadex was centrifuged (Eppendorf centrifuge, 10 min f ll speed). The pellet was washed with 200 μΐ of the carbonate buffer and centrifuged again; this washing procedure was repeated. The combined supernatants were reacted with 40 μΐ 0.1 mol/1 NaOH containing NaBH 4 at a concentration of 5 g/L The same solution was added for a second time after 30 min. The admixture was cooled down to 4°C and after an incubation time of l h the conjugate was sedimented by addition of an equal volume of saturated (NH 4 ) 2 SO 4 solution. After at least l h, the precipitate was centrifuged and the supernatant was discarded. The pellet was washed with half saturated (NH 4 ) 2 SO 4 solution and transferred to 0.2 mol/1 sodium phosphate pH 7.4, 0.15 mol/1 NaCl. The conjugate could be stored in liquid solution at -20 °C after addition of an equal amount of glycerol; it was used in the Sandwich ELISA without further purification.
ELISA procedure
Competitive assay
The antigens used for solid phase coating were dissolved in coating buffer (50 mm l/1 sodium carbonate pH 9.6, 0.2 g/l sodium azide) at 0. plate. After an incubation time of 3 h at 25 °C the plate was washed 4 times with phosphate bufFered saline/Tween and incubated at the same temperature for 2 h with goat anti rabbit IgG horseradish peroxidase cönjugate (diluted l: 1750 in phosphate buffered saline/Tween/bovine serum albumin).
The plate was washed 6 times in phosphate buffered saline/ Tween and the Substrate reaction was carried out by incubating at 18°C for 2h with 2,2'-azino-bis (3-ethylbenzthiazolinesulphonic acid) (ABTS), adjusted to 0.5 g/l in citrate bufier (0.1 mol/1 citric acid, adjusted to pH 4.2 with Na 2 HPO 4 , 0.5 g/l Tween 20, 1.3 mmol/1 H 2 O 2 ). Absorbance was measured at 405 nm.
Sandwich ELISA
Microtitration plates were coatcd with 200 specific antibody at a concentration of 2 mg/1 in coating buffer overnight at 4 °C. After 2 washing cycles with phosphate buffered saline/Tween the samples, diluted in phosphate buffered salinc/Tween/bovinc serum albumin, were added and incubated for 3 h at room temperature. The Standards and samples were diluted to within the same ränge äs given for the competitivc assay. After the plate had been washed 4 times with phosphate buffered saline/ Tween the horseradish peroxidase conjugated specific antibody (l: 3000 in phosphate buffered saline/Tween/bovine serum albumin) was added for 2 h at room temperature. The following procedure was the same äs given for the indirect assay. Blood samples from healthy donors (20-30 years old, 70% male) were coUected in EDTA coated tubes and centrifuged within 3 h at 2000 g for 10 min (during this period no ieakage was observed). The plasma samples used for the determinations of normal ranges were stored for no longer than 20 h at 4 °C before analysis by the ELISA methods described above. In the collagenase assay, the samples were serially diluted in four Steps, starting with twofold diluted plasma. Appropriate dilution factors for the gelatinase assay ranged from 4 to 32.
In cases where samples without EDTA were required, plasma was prepared from heparin blood. The partially purified leukocyte enzymes were separated on a 7.5% polyacrylamide gel, transferred to the immobilon blotting membrane and incubated with specific antibody followed by alkaiine phosphatase antibody cönjugate and Substrate (nitro blue tetrazolium/5-bromo^-chloro-S-indolyl phosphate). The corresponding polyacrylamide gels are shown in (c). The transferred marker proteins (d) were stained using Coomassie blue.
Results
Specificity of antibodies
The specificity of the antisera was proved by Western blot analysis. The detection of collagenase or gelatinase in crude leukocyte extracts using Western blotting was impossible, because of the vef y high amount of contaminating protein which is present in this material.
Thus,.a partially purifiedi leukocyte extract was used to determine the antigens in Western blots. The bands observed ( fig. 1) were the same äs those of the purified enzymes. The.fact that more than one band is observed in the case of collagenase is due to the autolysis of this enzyme (for details see 1. c. (4)).
Furthermore, collagenase and gelatinase were assayed during the purification of the enzymes (4, 20) both by determining the enzymatic activities and by using the sandwich ELISA. The enzymatic activity of the isolated samples corresponded with the immunological activity for each enzyme.
When the double immunodiffusion was used to prove the specificity, both antibodies showed no interaction with human albumin, lactoferrin, fibronectin and laminin. There was likewise no cross reactivity between collagenase and gelatinase antibody, and no cross reactivity between gelatinase and collagenase antibody ( fig. 2 ).
Collagenase and gelatinase could be detected in their latent form and after activation by either mercury compounds or proteases.
Neither collagenase (2 g/l) nor gelatinase (2 g/l) showed any cross reactivity with the gelatinase or collagenase sandwich ELISA, respectively. Thus, the cross reactivity was below 0.1%, with respect to the detection limits. A similar result (not shown) was obtained by using anti gelatinase antibody (well 7) and purified gelatinase (well 2) in the same experiment.
Tuning of ELISA reaction parameters
Substrate reaction
An appropriate H 2 O 2 -concentration, and pH for the Substrate conversion was determined using chess board titration. The Substrate Solutions were adjusted to a pH between 3.5 and 4.8; the H 2 O 2 concentrations ranged from 0 to 6.2 mmol/1. Maximum absorbance for 2 h reaction time was achieved at pH 4.2 and 1.3 mmol/1 H 2 O 2 ; an ABTS concentration of 0.5 g/l was sufficient. The reaction was carried out at 18 °C, taking into account detailed studies reported on elsewhere (24).
The effect of conjugate concentrations were determined by using chess board titration with the enzyine linked antibodies diluted stepwise from l: 800 to l: 500,000. The most suitable dilutions are given in materials and methods. A further increased conjugate concentration resulted mainly in higher background reaction but only in slightly improved sensitivity. The effect of the amount of the solid phase protein was studied in a similar experiment. Complete Saturation of the solid phase was achieved at protein concentrations above l mg/1. Nevertheless, if only limited amounts of protein were available, the concentration used for solid phase coating could be reduced to 0.2 mg/1 without a serious loss of sensitivity.
The amount of specific antibody which is added to the solid phase, is crucial to sensitivity in the competitive assay. The optimal concentrations are given in Materials and Methods. They were selected according to experiments in which the antibody was adjusted to concentrations ranging from 200 g/l to 1.5 g/l.
Sensitivity and precision
Standard curves (figs. 3 and 4) for the determination of human leukocyte collagenase and gelatinase were established using the optimized reaction parameters given above. The Standard curves were not changed when the enzymes were activated by either mercury compounds or proteases.
The within-assay precision of the four assays is given in the tables l and 2. The competitive and the sandwich assay have comparable response errors. The competitive assay is, however, less precise, due to the smaller slope of its Standard curve.
The detection limits, obtained by setting the negative cut off value at three Standard deviations of the negative control, are given in tables l and 2. A collagenase and gelatinase quantification with sufficient precision (CV below 10%) can be achieved at concentrations äs low äs 0.5 -l g/l wheri the sandwich assay is used. The competitive ELISA is about ten times less sensitive. Therefore, only the sandwich assays were used in the further investigations.
Their between-assay precision is given in tables l and 2.
Determination of collagenase and gelatinase concentrations in plasma
When serially diluted plasma samples were analysed by the sandwich ELISA, the dose response curves were of the same shape äs the Standard curves. Collagenase and gelatinase samples, however, were not fully recovered in heparin plasma when a 2 -macroglobulin and the proteases were active. A similar effeet was observed after reacting the active enzymes with purified a 2 -macroglobulin. Under the optimized assay conditions, Standard curves were determined. Standard deviations were calculated s described in When the plasma used for recovery experiments had lost its active a 2 -macroglobulin (a 2 -macroglobulin was inactive in plasma samples which were stored longer than 48h at 4°C) the recovery was of the same magnitude s the assay imprecision. Recovery was also complete when the proteolytic activity of the antigen Standards was inhibited by adding EDTA (tab. 3). In addition, plasma proteins were separated according to molecular weight by gel chromatography, using a Superose 12 column; the eluted protein fractions were analysed by the sandwich ELISA. Collagenase and gelatinase could be detected only in the fractions corresponding to the molecular weight of the purified latent enzymes, but not in those fractions which contained a 2 -macroglobulin. These results suggest that mainly the latent collagenase and gelatinase are determined in plasma, but not the activated enzymes, which are readily trapped by a 2 -macroglobulin. In order to determine normal ranges for collagenase and gelatinase in plasma, EDTA plasma samples from healthy donors were analysed (tab. 4). The EDTA prevents the latent collagenase and gelatinase from activation by any activating reagent and thus stabilizes the content of the immunoreactive form of these proteases. Collagenase concentration l^ug/U
>100
Collagenase and gelatinase determination in synovial fluid
Synovial fluid samples from patients with inflammatory (n = 24) and non-inflammatory (n = 28) rheumatoid arthritis were analysed. The collagenase and gelatinase concentrations were found to be much higher than in plasma. In addition the content of collagenase and gelatinase in samples from patients with inflammatory diseases were in most cases much higher than in non-inflammatory synovial fluids (tab. 4).
The overall protein content, however, did not show a corresponding fluctuation; the concentrations ranged from 30 to 55 g/l. Interestingly there was no correlation found in this preliminary investigation between the number of granulocytes or total leukocytes and the concentrations of collagenase and gelatinase determined by using the Spearman rank correlation analysis. These findings demonstrate the Utility of the ELISA-procedure for investigations of physiological fluids. Tab.4. Normal ränge for collagenase and gelatinase in EDTA plasma. Number of samples: collagenase n = 100, gelatinase n = 127; the 90% ränge for collagenase was estimated from the distribution given in figure 5 , the gelatinase 90% ränge was calculated using the median and the scattering coefficient (90% ränge = median scattering coefficient). The 90% ranges of collagenase and gelatinase in synovial fluids are also given. (18) for the determination of the fibroblast collagenase. The sandwich ELISA showed a lower detection limit and was more precise than the competitive assay. It also was easier to perform, because a preincubation of the sample with the specific antibody is not necessary. Furthermore, the indirect assay requires a rather large amount of antigen for solid phase coating. This is a disadvantage in the case of the leukocyte enzymes, because they have to be prepared from rather scarce preparations of valuable starting material and are available only in tiny amounts. For these reasons the sandwich ELISA is regarded to be superior to the competitive ELISA in routine analysis. The latter could, in some cases, be a useful additional test procedure for the exclusion of false positive and false negative results.
Most of the Information available on vertebrate collagenase is derived from studies of the fibroblast enzyme, which has been sequenced and cloned (25, 26). In contrast, little is known about the leukocyte enzymes. The amino acid sequences are unknown, the molecular weights estimated by various authors differ, and for the activation of the latent human leukocyte collagenase at least three different inechanisms have been assumed (review) 1. c. (3)). ' f The ELISA procedures detailed in this paper could be generally helpful in fürther investigatmg collagen degradation mediated by leukpcytes. The enzyme immuno assays are more sensitive than all proteolytic assay s hitherto. Due to their high specifity, they ean be used to analyse samples which contain a high amount of contaminating protein. The procedures,' therefore, can be applied to determine the presence of leukocyte proteases in normal and pathological body fluids and connective tissue matrix. Such studies are in progress and they will be the subject of a separate paper. It is hoped to elucidate the significance of these enzymes in pathological processes. The subject matter of this volume is oriented towards tlie state of the art of trace element analytical techniques. Invited experts presented papers reporting on newer aspects of analytical methods, recent developments in preanalytical treatment of biological samples and the combination of analytical methods for speciation analysis. Aluminium and plantinum were elements of special interest. Attention was also paid to the trace element levels in body fluids and tissues äs well äs to the role of trace elements in metabolic processe$ and in human nutrition. (64)
